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ABSTRACT : PROBLEM TO BE SOLVED: To provide a nitride semiconductor laser element which can 
obtain a stable perpendicular fundamental lateral mode and can reduce threshold current. 

SOLUTION: A semiconductor laser element 100 is formed by stacking a p-GaN buffer 
layer 2 doped with Mg, a p-lnGaN crack protection layer 3 made of InGaN doped with Mg, 
a p-ALGaN clad layer 4 made of AIGaN doped with Mg, a light-emitting layer 5, an 
n-AIGaN clad layer 6 made of AIGaN doped with Si, and an n-GaN contact layer 7 made 
of GaN doped with Si on a p-GaN substrate 1 made of GaN doped with Mg. In the 
semiconductor laser element 100, the p-GaN substrate 1 and the layers 2 to 4 can absorb 
light leaked from the light-emitting layer 5. 
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o 0 <o t £ ^fll£ HHraS-tl:* fc^-Jitf* h . 
[0064] L*»L&j&*£ . *»«c^-ir*^ 1 0 0 (c 
fcVvH4. p-AlGaN?7 7b'l4»J?§AU^m 
fc+7h*c£v^#>. p-GaN» ^MQWvStte5 
7 fc U5&»->T. 
— ifs^l 0 0(cfcwcti s 56)l£JB5fc»iRSn&3K* t 

*mi1rhZbii s *imb%&. 



[0065] m4\t*wn\z{!h&mwm^tei'-<j e 
[0066] *mms— rm=?- 1 o 1 mmmza^x 

(4. S$3 5 0;um<7)t7r'frIi20i7)C 

(OOODIit, T^H-rOA 1 0 . 5 Ga 0 . 5 N 
KWS$2 00AcOA 1 GaNA' 7 7Tl2 1 . J? 
$2Atmcor>-H-rGaN®2 2, Mg#K-r$il 
£G a NA> 5//m<7)p-GaN3y^^ hi! 

2 3. Mg#K— T^Jl/il ti U3 Ga 0 . 3 ,NKW 
mZO. 1 //mCDp — I nGaN?77 fffljkM 2 4 . 
MgtfK— TSilfcA 1 0J7 Ga 0 . 93 NK5:6p-A 
lGaN^77H!25, f6MyB2 6. Si*«K— 7*3 
tlfzA 1 GaN*r>£>3r£J5£0. 4 AtmCOn - A 1 Ga 
N 7 7 v h* JB 2 7 J; S i ifi H -r Silfc GaNK 
^r-S/p:$0. l/ J tmOn-GaN3>'^^h@282rlllF. 

[ 0 0 6 7 ] sjriS, ^W«cP— T*?- 1 0 1 ^H3^J1 2 
6 (4. [32 t^rr^ft:^— IT 3H=- 10 0 O?!^ 5 fc 

[0068] ±15^4; 3 tc. 4^B#U— 1 0 1 0 
fc *3 V ^X (4 , Ig^S 2 6 T:£W 7T-f TStR 2 
OIK, Mg^K-7^p-GaNry^7M2 
3. p-InGaN^777li±S24i5j;U t p-Ai 

[0 0 6 9] zzx\ mm. mwm&m#frt>tittfL2 

P -GaN3y^7M23> p-InGaN?77? 
I»lt®2 4fc4t/P-A 1 GaN?77 HJB2 5(4. M 

gtiOflafeSTfet^rv^. cco4^(cMg*«H-r$ 

iiTMfeSrfcV/tp-GaNrjy^^ h®2 3. p- I 
nGaN^7-y^R&ih/i2 4i34t<p-A lGaN^7 
•y H« 2 5 tfc V vct4 . ^T^S: ©HX^S £ b tMmt 

[0070] Mg^'F-r$n^p-GaNrjy 
MS 2 3. P - I nGaN?7-y?|5fritJi24i34 
t/p-Al GaN?77 H^2 5(C^VkT±f5^4 0(C 

^i:(;4 0. i*ii5«#12 3-2 5tf)x^-/iy 
K *fc^RK!ft«tfibWg|K Z1X&ti#>X'$> ^b^t^tl 

[007 1] Jif2c7)4d(:LT1?-7r-f TSlS2 0±t 
«-a2 1~2 8SrjatR5*fca, n-GaNn>^^b 
128Hn-Al GaN^77 HJH2 7^)Bf®35Si 
■C*x v f-y^teJ;i3Kt*i-S. atiO. n-Ga 
N3y^? h@2 8i5 4t^'n-A 1 GaN?77 KH2 
7 j&»4>«{£ Sfl^ifl 2 /x m<7)X h 7 -f 7^R^> U */ 
mfct&bbhlZ. n-AlGaN^77Fl27C)i 
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§0. 0 5 ju m^imiB^ti>. 
[0072] m^X. n-AlGaN;57h'I2 7^) 

3£&ai£-ti:6. 

[0073]^(:, icOSSffiL^p-GaNrJ>-^^ h 
J12 3«BBe(RttLh(CN i J1£JBMLT p11 1 6 

ttz. V v ^'uP^n -GaN3y^7 hM2 8 

±^t i ±tf a i aa^jscsJB tr nti 1 5 

[0074] _hI5<7) J: 9 1 LT $StF H J&K;B cfctflSSFM 

ta rmm 2ocomzz 1 5o-2oo^mi:-r5. 

[00 7 5] S£>£, 'Jv^aWBBi, n-AlGaN? 
9-y Hii2 70 ! l z fflSi5±ffi> n-AlGaN?77Kl 
27Hp-GaN3y?^ h/S23£-CC9flffl. p- 

GaN^y^ hm23<vpmmmfcm®zm<ffi.mi 
maxt/pmmi 6comfcffi®±mz, s i o 2 a^^- 

[0076] m&iz^ mttzmffltzx *) % imssg: 5 0 

[ 0 0 7 7 ] 05(4, JifS^^tci 0 im$1xfz¥W 

tbis—fm=?io io&m2 1—2 8^-t^mmmi 

[0078] H5 tz^t 4 3 ¥3gtfcU— 1 0 
lfcrfcwtli. &%M26<r)mmmbP-Al GaN? 

m 2 6 COM QWvSft^ 5 7 tC&WC%± Lfc3fc£r3£3fc® 
2 6 ft £ fc #Eiit* 0 . SBI6JB 2 6 

p - A 1 G a N ?9 «y FJf 2 5 (C£tfSttUltf-. 
[0079]*^, p-A 
1 GaN?5'V h'if2 5^hM^{aB-fSp-GaNa 
HI 2 3*«p-A lGaN75v H®2 5^Jt^ 

<7)tztb* P -AlGaN?77b'125Kp-GaN 

[0080]»t. ^flcW-lf 1 0 1 CtJWC 

t7T'fTa«2 0ll, -r**>^563e«2 6T*'<0 
J§2 1~2 5t5J:yft77^7M2 0(?)S§^V> 

fcto. t7r^ TffilK 2 o Mlz& v ^(i^jfth-ffl L# 
[0081] ^<r-c\ i o l ictstvc 

(4. ItrM^idtc, p-GaN3y^7M23. p- 
I nGaN?^>y?Bkihig2 4£>4tfp-A IGaN? 
5 / KJ§2 5£Mg#F-:r$;flTtSD. &®23--2 
5 fcfi v *lW£%mi.-t h Z. b JMttCfo h. Zcntz 

^^em2 6^^y r^rmm 20 m^-mixiiittz 

3E£rp -GaNnV:?:? M12 3. p-UGaN77 
v^|5&i!Ji2 4i5j:T/p-A 1 GaN777 K/12 5(1 



[0082] CO «fc 3 fc. ^Nlfrl^—WF 1 0 1 lz& 

L^5rp-GaN3y^?M23, p-InGaN 
^^•y^Kih^24i3it>'p-A 1 GaN?77 H82 
5KtJV^T«WX-rSi tJ&^tBt tp&tzfr. S&KJB2 6 
fr^<0%<r)Mh.&<$M-t&Zbtf*imb%*) . SlSfc* 
- F tfft&^E- Kfc&SClfc ^rR»jh-r^» <1 A^fig t & 

[0083] ±m<7)£ a C. .Itf>i§£-Ct3VvCt4, p - 
A 1 GaN/77 FJI2 50A 1 fflj&£;*c£ < (fyUtf 
0. 074. 9*£<^-&) LfcOp-GaNay^h 
S23t:A 1 ZMLh mUZA 1 ^0. 02SJ!gSni. 

S. I^ft. fiftl/^tlflO l^fclvCli. # 
® 2~7 (C4itt* ? 7 •v7comL£ffi±^5> Z b ittffi. 
btc%>. Ltztf~>X. ^mW\y— fm^l OOtcfcwc 

[0084] ^r±3. Z<Di%r&. p-GaN^y^^M 
23. p- I nGaN?77^ijti24fcJ:U'p-A 
1 GaN^-77 KJ12 5t,Z&\,t&ft,comm±&£ Y )i&< 
%<X&£.<. p-GaN3y^;M23, p-In 
GaN^5-y^[SS±iB2 4i3j:^p-A lGaN?77 
K®2 5^flsfcfcltS3eoiRIRffiBcJ*R+c m-'tUiT 
hti&X W :<7)iD ^T^WlfiltZfMW/J^ =5: P - G a 
NrJ^? hJ§2 3. P -InGaN777?ffi±I2 
4i3<J;t/p-A 1 GaN^77 h'JB2 5tCtJV^t. + 

#k*w«ir**i act tfsimt % o . ^>t^Sit»^ 
m^- vzmm-h z b immb . 

[0085]^> P -GaN3y^ni23, p- 
I nGaN^7-y^l%ihiI2 4i3j;U t 'p-A IGaN? 
7-y 2 5c7)^-^Cfc^T3fe©JRS)aSr#i.^C^ 
g<0 H-riRKJ±, ZtL^tl 1X10 18 — 1X1 
O 21 cm-3T'J>l>. 

[0086] p -GaN3y?? b®2 3. p-InG 
aN?57 ^Rjihif2 4J3j;tN"p-A 1 GaN^77 H 
«2 5fc:fe»t6Ms<0K-r«S*S<-*-'5C4:fc«t l ? 
#J12 3~2 5fc*SV^r«fc 03e<^«iR&** <t5ik 
j&^Tflli:**. LfrLictfb* zcDXdizMgcr>V~y 

m&zizz < LxKnmzjzz < -r&nfeizti^x 
m gici o . &m 2 3-2 5 iz&^xtti&mzmm 

[ 0 0 8 7 ] =3r±3, ±f2^^»fti^— ¥ 1 0 1 Ccfc 
V»t. p-GaN3y?; bM2 3<?)}$.Z\±±%\yti1J l 

iTZK. 0-2 0 umt&>zzbim&L 

\\ ^J:3t:^*JI?5:ftSp-GaN3y^? 
h Jg 2 3 t^iJ {4J < <r&t & &fRt hzb-ms 
ffifcfc*. ■e^«t 1 ). 9-'^l OltziJV^ 
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-C , SEUt HsWBRfc*- F t=5:S d fc £ «fc Dl»ih-f 

[0088] m6tt*miizm&m{m% i m#i'-v t 

[0089] 1 0 2C0f£l?D#lC£>Vvt 

(i. n-A 1 GaNJBfcn- I nGaNJ8fc£3Eafc:& 
SSlLtn-A 1 GaN/n-I nGaN»SS 

3 l&fBK-rs. 

[0090] n-AlGaN/n-InGaNglSfl 

®3 \<7>{m<7miz\±. i-r. ^r^rastthfc. r 

^K-r<OAl 0 . 6 Ga 0 . 5 N7>4>3r£J?§2 00AC0 
A 1 GaNA'.y7TlfcJ:t' r )?§2^m<7)7yK-rG 
aNJg£l&ft£-fr&„ ^lt. $&fcMCDr>F-7*G 
aNlil;, S i ^'H-r$il^ I n,.„Ga M jN*> 
5 OAcOn- I nGaNftS i#F— 7*3 
fl/lAlo., Ga 0 . 9 N^&&J5$5 0AcOn-Al 
GaNJffc&lttfcLTWItfKJiU J?S 1 5 0/xm 
iTJfc^S-frS. ^COidtLTn-A 1 GaN/n- 
I nGaNj@fe^*8^£ffi5j£LJtflL iiWDt7r 
■iTWSk^ A 1 GaNA'7 7 rJliJil/Ty K— 7°G a 
NJI£|$£-t£. ULhcDidtLT. 1 5 0AtmCO 
n-A 1 GaN/n-I n G a Njgfg^ffilO 1 Srf^SS 

10 0 9 1] ZZX\ ZCO^lZii^X^ n-AlG 
aN/n-I nGaNgfg?ii3 1 CO n — I nGaN 
JBtfV K*P* -/ 7*C0itM*>\ f&£co?Bfc)B 3 5 CO n - I 
nGaN#F!6 2 <W<> F^r A- -y 7°C0lfIJ: 0 £>/h£ < 
&&J;?t;:n-A 1 GaN/n- I nGaNi@fg^ffi«l 
3 icon - I nGaNJScoffigc2ri£^--S>. ZixlzX 

0. n-AlGaN/n-InGaNStSfSt3 1W 
n- I nGaNftfcUt, Mi3 5Kn-A 1 G 
aN/n-InGa N jgfg^PffilK 3 1 MfcrSh-til Lftft 

[00 9 2] ±ISC0«fc-?(wLTfmL^n-A IGaN 
/n- I nGaNj@fg^fK3 l_Lfc. Si^>'-7§ 
ix£ G a N 3&>^^r & /?£ 2 mCO n - G a N A ••/ 7 r S 

3 2. S i#K— TSftfcl n 0 .o3Gao. 97 N3&»6.*S 
JW§0. 1 jumcO n— I nGaN^77 7$3ikM3 3 N 

S i # F— TSfUfcA 1 0 .o7Ga 0 .93N3&»^*l5$ 

1. 0/^mcOn-A 1 GaN^77 F«34, flB£cO?S 
3^13 5. Mgfr7-7§^Al M7 Ga 0 . 93 Ni^ 
^r&U^O. 4x<mC0p-A 1 GaN?77 Fi§3 6i5 
Jll/M g£*F — 7°$ilfcGa N7>£> =5: 0 . l/im 
cOp-GaN:*^? FJ13 7*«(C(fe«S**. 

[0 0 9 3] Zcr>m&. m7lZ5jK-f£olZ^ WtM 3 5 
<Z>J&ftB£fct5VvCU:, S ij&*F— T§*UfcGaN 

#«£>3:S/?$0. l/zmCOn-GaN^'f F/16 1 £ 
m^X. n-GaNM4 FJf 6 l±fc. 



S T&flfcl n 0l ,jGa 0 .98NK44n- I 

n G aNPfM/S 6 2 t S i # F-7*§*Ufc I n 0 . 09 G a 
0 . 91 NK^n - I nGaN^FiS6 3hSrxS^fR 
JHLfc^Sifi?#Ffllit (MQWflBS) £*-T£MQW 
?§ttJB6 6£j£il$-&S. <IC0MQWvgf±®6 
6±C Mg*!K-7§toAl 0 ,! Ga 0 . 8 N*»S»=fir 
SJ?§200Ac0p-A 1 GaNdfA*'JT7'ny^Ji6 
4JoitXMg^*F-7°$tl./v:GaN*^^:l./5$0. 1 
jumCOp-GaN^M FJ86 5 SrABfc:t££$-£<&. 
[0 094] Jtfe. dcO^-tctSV^TJi. JIS100A 
C04-?C0n- I nGaN|?116 2i:15£ 5 0AC03O 
CO n - I n G a N#FI 6 3b jfiSEEAZtitM £tlXMQ 

[0 09 5] ±iec0i atLTn-A 1 GaN/n - I 
nGaNjgfgflSS 1 iC&JB 3 2~3 7 £ffcH$-£ 
tztk> p-GaN3^^M3 7KP"AlGaN 
?77HI36 om^ffiWSRS * y f - V /(c i 9 

fife*-*-*. ^Ci*). p-GaNay^? FJg3 7£ 
it/p-A lGaN?77 FJI3 6*^^§fLi.iH2 

-A 1 GaN?77 F«3 6t/g§0. 0 5 jit mCO^tA 

[0096]^:, n-A 1 GaN/n- I nGaNjg 

themes lam&iRmibmtmtTmtzT imszv 
Aim^miznmLxnmmi sz&m-z. ttz. y 

•y S/fiflMffifc itf P — A 1 GaN?77 F® 6CD¥figB 
iMKS i 0 2 ^Sr&IS^O. 3jumco?fefi§|3 8£ 

mm-ht t i>iz. u «y^*gi5±mtjj:t^f*ii3 8±{; 

N iffiSrJgjSLTplttffil 6£JEl&-r6. 
[0097] &f&fc, Wilf ©GatCfc 0 . 0 

[0098] 08{±. IMicoXmz* K)imztitz¥m 

f%=t 1 0 2C0n-A 1 GaN/n- I nGaN 
iSfg^g 3 1 *i J; l/#JB 3 2 ~ 3 7 co*-t 5 ®t/f^Sr 

[0099] i8» i d C» ifiW(!W-1fJff 1 0 
2Ci3lr^Jl MQWvStt^6 6C0SJff*i: n-A 1 G 
aN7?-y F13 4C0Slff^i:C0ll*vh$V^ CCO^: 
^yS3 5cOMQWv§ft/§6 6Ki3t^T^L^3le 

3 5 faiz-HHzmm-% <r t ^fflut-^ o . ^ 

7til3 5frt>n-A 1 GaN?77 F®4 tC^'jiixai 

[0 100] fcti. ^<rt1i. n- I nGaNK!6 
2fcJ;tXn-I nGaN#FS6 3<r>W-Mz£&M.&-tt 

Iff*. 

[0 101 J ■*mS#l'-'9 , *P102l±. n-A 

lGaN^5<yFi!34 CO^I-Mt-ii^^ n - G a N A 
•y7ri§3 2*>'n-A 1 GaN?77 FJ9 3 4 (Cirb^T 
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fctb. n-AlGaN?77FI34Hn-GaN^ 
77T132 IZftfimtllii-t . 
[0102] ttfc. *mW*U— fg^fl 02m>T 
it. $tftffi3 5T^n-A 1 GaN/n- InGaN 
&t&H&WL3 1IOI3 2— 3 4*5ir>"n-A 1 GaN 
/n- I nGaN|SfS^S^3 1 C0J?$#;*:£ Ufctf). 
n-A 1 GaN/n- I nGaNSfg^SMS lffitcfc 

[0 10 3] Cldf . ^ftl^—^'S^l 0 2(2*5 
(i. mfjloidtc. n-A 1 GaN/n - I nGaNjg 
fS^SJO 1 On — I nGaNg£?)Ay|'^ -y/^ti 
#5fi7cJi3 5<9n- I nGaN#F@6 20/S>Hdf> 
■yT^i|gJ:9M^<&^T^&^*'x ?B\yg3 5*>£> 
n-A 1 GaN/n- I nGaNi)SfIl3 1 GCKdi 
itaiL^2rn-A 1 GaN/n- I nGaNjQfg^S 
W.3 1 {Cfc^TlSJR-r-&^ k^tTC^S. 

[0 104] Z<7)£olZ. ymtfcls-VmTl 0 21ZH 
V>T(i. ¥£%M3 5frt>mtlliiLtzytZn-A 1 GaN 
/n- I nGaNj|gf8i=-StO 1 (CijV>T 'SIZE'S CI k 

•§> <r k t^m.h & o . si»f Ytfm<k^- k k 

»«. - k **«rBgfc=5r 0 . L § v *flmSEOffittM&H£ - 

[0 1 05] _Li5tf)J:dfc:. tliO^CiJ^TJi. n- 
AlGaN^7"/HS34£0AlM^< (0Utf 
0. 0 7£ <T&) Lif3n-GaNA'.y7Tl 
3 2fcA 1 £JD*.& (Mi(fA 1 £0. 0 
£ ) £ k =5:< SSfi*^- H <! k *«f * 

ZCOtztb, ^mfal"— rS-?l 02O#ii32-3 
7 tfc V vc(i. ?5'y? £ £ fc #f # 

5. 

[0106] § ^(C, Cl<?5^(Ci3V^T{i. n - A 1 G 
a N/ n - I n G a NjBf8«|g3 1 tfjBfS^ffiia** 
•TSfcft. n-AlGaN/n-InGaNffiflt 
3 1 k&Ji3 2~~3 7k<7)mz£.t&mfrfi { im\ZilX 
US. Zcr>fc&>, *mftU~Fm=f-l 0 2fc*SVvCI4, 
?*>8«fe&Bfcil:-*-S.r k#f # & . 

[0107] JiLh^i a >mfau~?m=F 102C 
*iVva±frJB 3 2 — 3 7 (C&ft£ ? 5 -/ 7tf>f6££B&it 

[0108] n-AlGaN/n-InGaNffifl 
^3lt;fcft^7Kc7)iSJR(±feS , 7^< : Sr<-Ci>J;<. n 

-A 1 GaN/n - I n G a N j&f&^SiK 3 lClfcltS 

ftco®ummim+c m-»jy±fiMuf cwx 5 

lZ%cr>m>L\m.tf>bZ Srn-AlGaN/n-InGa 



nnm^mu 3 1 iz& wc t) . f&^Ji 3 5 a» feawtas l 

[0109]3r&. n-AlGaN/n-InGaNi 
fS^FS^3 lKSV^T. n- I nGaNJgcOI nffll&Sr 
*#<-n>k. n-I nGaNlW<y^t77<0| 
#U 9 'h§ n-A 1 GaN/n - I nGa 

NSfg^ffitS 1 t*j»t**«0®lR* i 

L*» L&a*£> . n-InGaN<73In 
<«tn-InGa N^M^^-flrf 
S. U£**oT. Z0)£vlZl n<D*il££*#< LTt£ 
OH5IR*> f C§<^l»tl^-t;ii^-C(i. n-A 1 GaN/ 
n - I n G a NjStfrfgflC 3 1 fcfc VvC*&ftttfc|BMIJ& s 

[0110] k<l<5T\ n-A 1 GaN/n - I nGa 

©JR-f n-AlGaN/n-InGaNSfgf 

s*e 3 1 k m q wmam 6 6k »ratj&«/hs v ^-^-t: 

14, n-A 1 GaN/n- I nGaN@HfIS3 If 

[0111] L£>L=5r#^ ^flsi^— 0 2(2 
tJ^Tti. n-A 1 G aN?5 -y KJf34CDJ?§# 1 
mk-HHc^W^5t46. n-A 1 GaN/n- I nGaN 
^t&?fi1S 3 1 k MQWvgttig 6 6k ^-HJ-tSM-i k 
*«f SS. Lfc^t, ^flcU— ifS-f-1 0 2(ci>v» 
%7^/§3 5t=z¥^$ixl»7t* i n-A 1 GaN/n 
-I nGaNSt-S^fi<S3 1 lZ®L®.ZtlZ><7)$:ffi±l,. 
iro?&£M3 5j&»fe$B*iifSL*:3E£n-A 1 GaN/n 

- I nGaNm^=mW.3 nz^^xm.m-thzt^ 

[oii2]^, ±M<r>^mw\y-^m=f- 1 o 2 tcfc 

^ZBtfift&fzMZn-A 1 GaN/n- I nGaN 
Mifr=?m$.3 1 Sr^nKLTV^*^ 3e«IR3»*^*B 
mk-f&COT **Uf , n - I n G a NSjW^WfcifA 
«itf. 15$ 0. 2/zmJilT<7)n- I nG 

[0 1 1 3] 2nB, I nGaNI«frFSaR3&«**Vv^-C 
n- I nGaNJBtf)J5§J&*0. 2 jt/mi <=&--Sk 
n-InGaNl(0g B WMt5. L^* s -?f, n 

- I n G a N^OJ¥§ (40. 2 /x mOTf* S«Ik 

[ 0 1 1 4 ] Mil*. n-GaN/n- I nGaNStS 
?Mfii^:(in -GaN/n- I nGaN/n-A 1 G 
aN^lS^fifjt$:^r§ffi^^LTi>J:V\ 

maim^f-mmmcommmm^Lx ^xi>£<. 



sJSDOC I D: <JP 2002 1 24737A l_> 



[0 1 15] ddTlil 0 0 AMTcVlgZ comtf 

2 0 0 AJaT^JaJffl^SW^^fiWfltJt^jSfS^flfia 

[ 0 1 1 6 ] £nB. _tfBO¥&#:t'— ifSR? 1 0 2 life 

±tc n mm & J; t>" p mm * ^ ^ni-c-m-r st^toii 
[0117] m9i±^?imiz^mim^^i¥u— f 

[0118] ip»«£l^-lWF 1 0 3<7>ffS?l$t::*JI,vC 
ti, J?£3 5 0^mC0-^7r-YTS^4 OcOC 

(0001) ryn— y°<KA 1 0 . 6 Ga 0 . 5 n 

^£>&£/¥$20 0a<7)A1 GaNA 7 7rl4 1. J? 
§2^m(07yH-7GaN@4 2, Si**F— 7"£ix 
3tA 1 GaNfcJ;tA"I n G a Nj&»4>$:&t£jStf)/S3 5 /i 
m<On-A 1 GaN/n- I n G a NtSlS^'-y 7 tJS 
4 3. S i#F— TSftfcG a N*»62r Um« 
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